Introduction
Lateral GaN-based heterostructure field effect transistors (HFETs) has attracted much attention for power applications due to the wide band gap (3.4 eV) and the excellent transport properties of the two-dimensional electron gas (2DEG). Devices with voltage blocking capability up to 650 V for power switching applications are commercially available [1] whilst devices with more than 1000 V breakdown voltage (V br ) have been experimentally established [2] . However, many issues have arisen at high voltage such as surface-related current collapse, buffer induced dynamic on-resistance and threshold voltage hysteresis. Hence, reliable devices with >1000 V blocking capability will likely require vertical structures. The development of GaN vertical transistors so far are limited to the current aperture vertical electron transistor [3] [4] [5] [6] , its variations [7-9] and metal-oxide-semiconductor (MOS) structures [10, 11] with best reported V br around 1.6 kV. The fabrication of these devices involves dry-etching in the channel region which can cause issues such as leakage and threshold voltage instability. M. Kodama, et. al. [12] proposed a wet etching technique to remove plasma damage in the trench in an MOS structure where an inversion layer is induced by a gate bias.
However, MOS inversion structures generally suffer from low electron mobility and hence low transconductance. To address the above mentioned concerns, we propose a novel V-groove vertical HFET (VVHFET) structure which is free of dry etching damage and retains the advantage of the 2DEG.
In this paper we describe a structure which uses semi-polar (11-22) GaN to achieve the crystallographic wet etching of a V-groove and channel regrowth.
Proposed design concept
The schematic VVHFET device structure is shown in Fig. 1 . The structure is formed on a (11-22) GaN substrate which is ~58.3 from the (0001) c-plane. The V-shaped groove is obtained by a selflimiting crystallographic potassium hydroxide (KOH) wet etching. A c-plane sloping side wall is exposed on which the 2DEG is subsequently formed during regrowth. The other sloping side wall is made up of two neighbouring m-planes from the m-plane family It 
Sample preparation
In order to establish the etching process, a simplified structure was grown on In comparison, the etching revealed a V-groove in the L-shaped region with an opening width of ~2 m. The side walls are in the same configuration as the 22 , but due to the reduced opening width, the (11-22) plane is fully masked by the slow etching c-and m-planes where an etchstop is achieved. In this way, as the slopes of both side walls are fixed, the etch depth can be controlled by the opening width, which is more reliable compared to a time-based etching. However, when the sample is significantly over-etched, the resulting feature size can become larger than the as-patterned size due to a further lateral etching (most likely in the m-plane) but at a significantly reduced etch rate compared to the (11-22) plane.
MBE regrown structure
MBE was chosen for the regrowth due to its relatively low growth temperature to avoid mass transport at the high temperatures (>1000 C) as typically occurs in MOCVD growth [3, 23] . The SEM image after the regrowth is shown in Fig. 3(a) . In comparison to Fig. 2(b) (before regrowth), the formation of Ga droplets can be observed which is expected from the Ga-rich growth conditions. 
Summary
A novel design of VVHFET is proposed to achieve plasma damage-free vertical transistor structures.
The device concept utilizes a semi-polar (11-22) GaN where the channel is formed on the c-plane side wall with a slope of ~58 from the (11-22) plane. A self-limiting KOH wet etching technique was developed to enable the fabrication of the device. This technique may be used in other crystal orientations to obtain c-planes at different slopes (e.g. 90 in m-/a-plane GaN), and present other H  A self-limiting KOH-based V-groove etching technique was developed.  A novel Vertical Heterostructure Field Effect Transistor structure was proposed.  An AlGaN/GaN HFET structure was successfully regrown by MBE
